Treating distal humerus fractures, especially those involving intra-articular lesions, is complex and often technically demanding. Although there still exist many controversial issues, the goal of treatment is to establish anatomical stable fixation by restoring the two columns and the articular surface. Universally, a posterior midline incision is applied, and the approach varies according to the further management of the triceps or olecranon. Evidence supports dual plate fixation as the optimal fixation method, and debates regarding appropriate plating configuration are still ongoing. As multiple clinical studies comparing results of parallel and perpendicular plate fixation have shown no actual difference, it is important to place the plates according to the fracture configuration.
Introduction
Fractures of the distal humerus in adults are considered to be challenging due to the combination of anatomic and treatment complexities, poor outcomes, and complications. The estimated incidence in adults is 5.7 per 100,000 people every year, representing less than 7% of adult fractures. 1, 2) These fractures have a bimodal distribution, with an early peak in young males due to high-energy trauma, and a late peak in the elderly due to lowenergy trauma. Distal humerus fractures are commonly classified by the Orthopaedic Trauma Association/Arbeitsgemeinschaft für Osteosynthesefragen (OTA/AO) classification. Fractures are categorized into three types: type A designates an extra-articular fracture, type B designates a partial articular fracture, and type C designates a complete articular fracture in which the articular surface is completely dissociated from the humeral shaft.
Despite great advancements in the treatment of distal humerus fractures, there exist numerous controversial issues, including the optimal surgical approach, fixation method, implants, and management of the ulnar nerve. This article focuses on the strategy for open reduction and internal fixation of distal humerus intra-articular fractures.
Preoperative Plan
A complete review of history, including injury mechanism and preinjury medical condition, needs to be analyzed. The condition of the skin or the existence of open wounds should be carefully observed. Nerve function (especially ulnar and radial nerve) and vascular conditions, including peripheral pulse, should be evaluated prior to surgical intervention. For imaging studies, plain radiography is usually sufficient for diagnosis and establishing a treatment plan. Computed tomography scanning is helpful in understanding the fracture pattern, especially when coronal plane injuries such as shear fracture of the capitellum and trochlea are suspected.
Basic Settings
Surgical treatment for a distal humerus fracture often requires prolonged surgery. The prone or lateral decubitus position is recommended for good visualization of the lesion and because it allows easy positioning of the C-arm. All pressure points must be carefully padded to avoid nerve compression and sore formation due to prolonged operation time.
A universal posterior midline incision is made when the fracture involves the condyle and the surrounding region. Injecting Marcaine with epinephrine helps with hemostasis during the exposure. Full-thickness medial and lateral fasciocutaneous flaps are raised to avoid devascularization of the skin and seroma formation. In case of olecranon osteotomy, the incision should curve around the lateral aspect of the olecranon to facilitate hardware coverage, and to avoid direct irritation which may result in hematoma formation or skin problems in future.
Management of the Ulnar Nerve
Since it is important to identify the ulnar nerve along the medial border of the triceps muscle, the deep fascia is elevated for easy identification (Fig. 1) . For complete mobilization, the nerve is dissected from its proximal to distal end. For the proximal portion, the arcade of Struther, which is found 8 cm proximal to the epicondyle, is released. The nerve is traced distally 6 to 8 cm, and the cubital tunnel retinaculum is released. The motor branches to the flexor carpi ulnaris and the flexor digitorum profundus are preserved. There is no consensus regarding the management of the released ulnar nerve, whether to maintain it in situ or transpose it anteriorly. A recent meta-analysis reported an overall neuropathy incidence of 15.3% in the release only group, and 23% in the transposition group.
3) They concluded that transposition of the ulnar nerve exerts no protective effect. However, prior transposition of the ulnar nerve before fixation may have an advantage for selecting the plate position on the medial side.
Operative Approaches Paratricipital Approach
Dissection is continued to the medial and lateral triceps border. The triceps muscle is separated from the posterior surface of the intermuscular septum. On the lateral aspect, the radial nerve is identified passing from the posterior to the anterior direction through the intermuscular septum. After elevating the triceps muscle from the periosteum and reflecting it medially, the posterolateral humerus shaft is exposed. The anconeus muscle is then elevated in conjunction with the triceps to preserve its innervation and blood supply. For the medial exposure, the ulnar nerve is first identified and exposed. Medial dissection along the posterior border of the intermuscular septum exposes the posteromedial aspect of the distal humerus. Visualization of the entire posterior humerus is possible after mobilization and elevation of the triceps from the posterior cortex of the humerus. Since this approach spares the olecranon and extensor mechanism and avoids an olecranon osteotomy, the surgical time is shortened, thereby reducing the risks of perioperative or postoperative complications. [4] [5] [6] The approach is generally adequate for extra-articular fracture and permits an articular reduction of the C1 and C2 fracture patterns with large medial and epicondylar fragments. However, in the case of an intraarticular multifragmentary (C3) fracture, it requires further exposure through an olecranon osteotomy. This approach can be converted to a more extensile exposure, with or without an olecranon osteotomy, during the procedure.
7)
Triceps-reflecting Approach (Bryan-Morrey)
The importance of this approach is that the triceps tendon, forearm fascia, and periosteum are released as one unit from medial to lateral as a continuous sleeve, reflected directly off the olecranon. Proximally, the entire extensor mechanism and posterior capsule are reflected and retracted laterally to expose the joint. As the triceps are retracted laterally, careful monitoring of the ulnar nerve is required to avoid a traction injury. This approach was originally introduced for arthroplasty. After fracture fixation, the triceps tendon is reattached to the olecranon by drilling two holes in the cruciate configuration. Also, the patient is required to avoid active elbow extension with resistance for six weeks. As long as the extensor mechanisms are tightly secured, there will be no disruption of the extensor mechanism. However, due to the pull of the common extensor muscles and the lateral reflection of the triceps, access to the lateral epicondyle has always been challenging. 8, 9) Triceps-reflecting Anconeus Pedicle Flap
The triceps-reflecting anconeus pedicle flap (TRAP) approach, described by O'Driscoll, 10) is somewhat similar to the BryanMorrey approach, with the triceps reflected off the olecranon in continuity with the anconeus. The difference is that in the TRAP approach, a V-shaped incision is made to reflect the triceps and anconeus completely off the triceps. The anconeus muscle is fully released from insertion on the proximal lateral ulna. This approach guarantees adequate visualization of the articular surface with no significant difference from the trans-olecranon approach. Also, it preserves the olecranon and can be converted to arthroplasty when needed. After the procedure, the repair is made through drill holes in the olecranon.
Triceps-splitting Approach
The triceps-splitting approach, 11, 12) also known as the Campbell approach, involves a midline incision in the triceps, and divides the triceps into equal medial and lateral halves. The incision continues to the olecranon insertion, and the triceps are peeled subperiosteally to expose the distal humerus. Proximally, the radial nerve needs to be carefully protected during the exposure. Even though this approach is suitable for distal diaphyseal fractures, it does not provide proper exposure of the distal articular surface. 13) Furthermore, it may result in a negative effect on muscle strength due to direct muscle injury with resultant fibrosis and injury to the intramuscular nerve branches.
Olecranon Osteotomy
As compared to the other approaches discussed above, the olecranon osteotomy 14) approach provides superior visualization of the articular surface of the distal humerus. 13) An apex distal, chevron-type osteotomy is made at 2.5 to 3 cm from the tip of the olecranon. In order to avoid further damage to the articular surface, we recommend using an osteotome for the completion of the osteotomy after using an oscillating saw (Fig. 2) . On completion of the procedure, the osteotomy site is fixed with tension band wires, an intramedullary screw or a plate. The major complications include hardware prominence and delayed union or nonunion.
Fixation Strategy
The primary principle for surgical fixation of a distal humerus fracture includes anatomic articular reduction and rigid fixation with dual plates. Anatomic reduction of the articular surface together with restoration of the humerus alignment should be obtained by surgical treatment. Even though clear exposure and visualization of the fracture lesion are essential for successful fixation, great care should be taken to avoid disrupting the remaining soft tissue attachments.
According to the guidelines proposed by Arbeitsgemeinschaft für Osteosynthesefragen/Association for the Study of Internal Fixation (AO/ASIF), articular fragments should be reduced first. Depending on the fixation plan, these articular fragments can be fixed using separate screws, or provisionally fixed using Kirschner wires. If there is no comminution in the metaphysis, creating a stable platform by prior reduction of the metaphyseal column may help reduction of the articular surface. During reconstruction of the articular surface, lag screws are often placed either through or outside a plate to cross the entire capitellum and trochlea. Sanchez-Sotelo et al. 15) recommended that every screw in the distal fragment should pass through a plate. Plates should be placed on each column to augment the screw fixation. Also, their principles for fracture stabilization are to maximize fixation in the distal fragments and to maximize fracture stability at the supracondylar level.
Once the articular surface has been reduced, the next step requires compression of the articular surface to the metaphysis or distal humeral shaft, followed by plate fixation. Ideally, plates should be applied after adequate reduction of the fracture. However, the indirect reduction technique using plates can be helpful in some type C fractures. Plate fixation provides the rigidity required to optimize the union of the fracture. In case of a type C fracture, fixation relying merely on screw fixation is unacceptable under any circumstance. Various constructs have been proposed to fix the articular surface to the proximal portion. Different types of plates were introduced for fixation, ranging from the 3.5 mm reconstruction plate to anatomically contoured plates, with both locking and non-locking options. Among the many plates introduced, one-third tubular plates were determined to be too weak to endure secure bone fixation. 16) While dual plate fixation is the essential principle in the treat- Fig. 2 . Olecranon osteotomy. ment of a distal humerus fracture, there is considerable debate regarding the most appropriate orientation or position of the fixation (Fig. 3) . According to the guidelines proposed by AO/ASIF, the two plates should be applied at a 90-degree angle to one another after the initial fixation of the articular fragments with screws. 14, 17, 18) However, although this technique guarantees adequate distal fixation, insufficient stability between the distal and proximal fragments could result in nonunion. 19) Furthermore, prolonged immobilization to prevent failure due to insufficient fixation can lead to joint stiffness. 20) New objectives have been proposed to increase the stability by enhancing fixation of the distal fragments and adding distal segment fixation to fracture stability at the supracondylar level. 15) In order to achieve this, several long screws are used to lock together by interdigitation at the distal segment. Also, these screws require to be attached to the plate on one side and into a bone fragment on the other side, and are not fixed on their own separately. However, it is not easy to place multiple screws distally due to a high chance of collision during the insertion.
To overcome this problem, a locking plate with a fixed screw angle should be avoided, and an oscillating mode and not drilling mode, is recommended during the process of drilling for the screw.
While there has been a clear consensus on applying dual plates as a treatment option, the debate regarding the most appropriate position of the plates is still ongoing. This debate mostly involves whether the plates should be fixed in a parallel fashion or perpendicular to each other (Fig. 3) 25) showing no significant clinical differences. However, they reported two nonunions in the perpendicular plating group, and no nonunion in the parallel plating group. With no actual differences in clinical outcomes, it is important to place the plates according to the fracture configuration. For example, if the trochlea is a separate fragment from the rest of the medial epicondyle, the medial plates should wrap around the medial epicondyle with the screws across the articular components through the plate. 16) Parallel plating is preferred for the fixation of fractures involving the most distal end of the humerus, whereas perpendicular plating is preferred in cases of coronal shear fractures, where posterior to anterior fixation may provide additional stability. 24) Despite all the controversies, the key to achieving stable fixation is an excellent reduction of the fracture itself. Without successful construction of the triangular construct of the distal humerus, which is represented by bony medial and lateral columns and linking of the articular segment, firm anatomical fixation cannot be executed.
Conclusion
Decision regarding the treatment for intra-articular fractures of the distal humerus should be based on a combination of the best available evidence and preference of the surgeon. Given that these principles are followed during the procedure, the overall outcomes of treatment for intra-articular fracture are generally quite satisfactory. Also, early stability achieved by surgical intervention can lead to superior results by early intensive rehabilitation to restore elbow motion.
